l.nvention relates to a nozzle plate adapted far an ink-jet t cordi ng
apparatus and the surface treatnent of the nozzle pl agwmm“\\m‘ﬁmmgj et type
recordi ng apparatus which records an ?nage on a recor y
ejecting ink droplets froma nozzle, there exists a probl emsii that, when a
portion surrounding a nozzle is wetted by an ink, deviation in the

di rection of NMELE i RATH{ ANBMETHERP e F IR0 SURFACEr CREATMENT tOf SANBe o2
probl em Unexam ned Japanese Patent Publications (Kokai) Nos. Sho. 55-65564
ono Sho. 57-107848 have proposed an apparatus in which water-repellency
treatnent is performed on the nozzle plate surface surroundi ng a nozzle

t hereby to suppress generation of such wetting by the ink. However it is
difficult to restrjict the treatnment to the nozzle plate surface only.
Unexani ned JapB8fesidi 2R eHen PGBLAGES diP (KoRZE L. PHatFe 2dapReds3 fets@lses
a met hod whereby a plate inpregnated with a silicon water-repellent agent

i s enpl o¥BY-I8EWEIPS FEARFERE WPACABYS| 8NEI &N S&r%sﬁﬁgﬁﬂ@%m ed
to the surface of the nozzle plate by a porous nmenber inpregnated with a
wat er - r epBP| BRZZ4§emL258r this case, with the resulting lining of the inner
portion of a nozzle by a portion of the water-repellent agent, when ink
drops are ejected at high speed fromthe nozzle, they contact the

mater-repellee% %%?Thﬁ¥¥§%69y£8 %e@%&gf%%(gpﬁgghtus which records an

;YZGSePNl(D6ZT7= NOZZLE PLATE AND NETHEb FO L SURFACE TREATMENT OF SAME The

image on a recording medium by ejecting ink droplets from a
nozzle, there exists a problem in that, when a portion
surrounding a nozzle is wetted by an ink, deviation in the
direction of the flight of ink droplets occurs.

To addfess this type of problem, Unexamined Japanese Patent
Publications (Kokai) Nos. Sho. 55-6556 4 and Sho. 57-107848 have
proposed an apparatus in which water-repellency treatment is
performed on the nozzle plate surface surrounding a nozzle
thereby to suppress generation of such wetting by the ink.
However it is difficult to restrict the treatment to the nozzle
plate surface only. Unexamined Japanese Patent Publication
(Kokai) No. Hei. 2-48953 discloses a method whereby a plate
impregnated with a silicon water-repellent agent is employed to
wipe the surface of a nozzle plate, or pressure is applied to
the surface of the nozzle plate by a porous member impregnated
with a water-repellent agent.

In this case, with the resulting lining of the inner
portion of a nozzle by a portion of the water-repellent agent,
when ink grops are ejected at high speed from the nozzle, they

contact the water-repellent agent adhered to a portion of the
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2 inner surrounding surface of the nozzle and the problem of a marked

‘di sruption of the direction of the flight of the ink droplets occurs as
before. An object of the present invention, in view of the above-nentioned
problem is to provide a new nozzle plate capable of preventing the flight
of ink droplets fromdeviating. Another object of the inventionis to
provi de a novel nozzle plate surface trzatnment nethod of formng a

wat er-repel l ent coating on the surface of a nozzle plate while restricting
the lining of the inside of the nozzle with the water-repellent material.
According to the present invention, there is provided a nozzle plate which
incorporates a water-repellent coating formed on the nozzle plate surface
surroundi ng the nozzle hole in such a way as to | eave a portion not

exceedi rign@osusandingesudiagerof the ndzzichandnibe Zrebleml of umaskadedisruption of theere i s
provided a nethod of formng a water repellant coating |ayer on a nozzle
pl at e suditegtion of ke flight of theoimkrdreplets: oacurs asheferg- a front surface of said
nozzle plate with a photosensitive resjn naterlal ch nay be hardened by

exposure to aAﬂlo@lﬁCt b thecrresent inveasion oincvisyrafithe aeﬁve;meanmﬁs# H@B‘f%} i ¥
resin mater] enteri he in ortian I d ng a
portion B§P |3d“%89%£€ﬂ % F’\‘I@Bfee‘%‘ﬂ?f'eﬁ%& '&F%ﬁg%@f‘g dé%ﬁté dgnozzl e

froma réear surface of said nozzle plate to a |ight source sufficient to
har den & on of said photosensitive resin material to a size at | east

BPZETE'([)]CGI’ Sg:c ds‘g‘ﬁ ﬁlﬁﬁ‘z’@%ﬁer e‘ge%h%grlggonb%vg@z’ﬁ hg@ﬂ x‘foos ehis I Vltefg%testm;l the

rrat erialg, t

sur  ace SaEnt AEALEDL il LhaleE R QRR ok e a2 & AP pRte
phot 0s en@hﬂé Y&u&&agrthéfﬁhﬁ{g &t theSnddEBADS dddzleOkith thewalktaRpdlfentmatirial.
wat er-repel l ant coating | ayer. 3 Further, there is provided a nozzle

pl ate surf aceAtéqdinganithepidiest iaoemions lﬂﬁ@'efis)pfﬁvmcﬁammpramhicﬁnt coating
| ayer on the nozzle plate by the aforenenti oned nethod and renoving the

har denednperpbrates wateairdpgilent osating formed pashe noztle pia¢ surfadecirmending ahe t he
present invention will now be described by way of exanple, with reference
to the azelepolgimspcliraawiaya@s to leavesi partion not exceeding 20% of the diameter of the

nozzle hole uncoated.

Also, there is provided a method of forming a water repellant coating layer on a
nozzle plate surface, the method comprising: laminating a front surface of said nozzle
plate with a photosensitive resin material which may be hardened by exposure to a light
source, at least one portion of said photosensitive resin material entering the inner
portion of said nozzle; exposing a portion of said photosensitive resin material directly
above said nozzle from a rear surface of said nozzle plate to a light source sufficient to
harden a portion of said photosensitive resin material to a size at least that of said nozzle
diameter, being no larger than 1.4 times that of the diameter of said nozzle, thereby
hardening said photosensitive resin material; and forming the water-repellent coating
layer on the upper surface of said nozzle plate using said hardened portion of said
photosensitive resin material as a means to form the shape of said water-repellant coating

layer.



Figures 1 (a) to (f) are diagrans showi ng a process for surface treatnent
of a nozzle plate, which is an enbodi nent of the invention; Figure 2 shows
a cross-section diagramof an exanple of a nozzle plate formed according to
t he above- nenti oned process; Figure 3 shows the relationshi p between the
gquantity of photosensitive filmentering the nozzle of a nozzle plate and
_the exposure value of ultra-violet radiation; Figures 4 (a) to (e) are

di agrams showi ng a production process for a nozzle plate, which is another
enbodi nent of the present invention. Figures 1 (a) to 1 (e) shows a nozzle
pl ate surface treatnent process, which is an enbodi nent of the invention,
and Figure 2 shows an exanple of a nozzle plate fornmed using this process.
In Figures . | (a) to 1 (f), a nozzle plate 1 is made of a material such as
met al , ceram EUrEier,i there is pgoided amoptlaplite surfans peasmentaleipodcompsismgl e

metal such as titanium chromum iron, cobalt) nickel, copper, zinc, tin,
gol d; or fyming aavatesrepglanteoating lavee opibe peazie Rlaahy the afprementisaed phosphor
al l oy (phosphor bronze); a copper-zinc allo or a stainless steel; of

pol ycar bBHIGE anslremaying e hasdensdporiian af said phpipsensitive resin material.

Embodiments of the present invention will now be described by way of example,
with reference to the accompanying drawings, in which:-

Figures 1 (a) to (f) are diagrams showing a process for surface treatment of a
nozzle plate, which is an embodiment of the invention;

Figure 2 shows a cross-section diagram of an example of a nozzle plate formed
according to the above-mentioned process;

Figure 3 shows the relationship between the quantity of photosensitive film
entering the nozzle of a nozzle plate and the exposure value of ultra-violet radiation;

Figures 4 (a) to (e) are diagrams showing a production process for a nozzle plate,
which is another embodiment of the present invention.

Figures 1(a) to 1(e) shows a nozzle plate surface treatment process, which is an
embodiment of the invention, and Figure 2 shows an example of a nozzle plate formed
using this process.

In Figures-1(a) to 1(f), a nozzle plate | is made of a material such as metal,
ceramic, silicon, glass or plastic; and preferably of a single metal such as titanium,
chromium, iron, cobalt, nickel, copper, zinc, tin, gold; or of an alloy such as a nickel-
phosphor alloy, a tin-copper-phosphor alloy (phosphor bronze); a copper-zinc alloy, or a

stainless steel; of polycarbonate, polysulfone, an ABS resin (acrylo



nitri.l e butadi ene-styrene copol yner), polyethylen °~ terephthal ate,

pol yacetal ; and various photosensitive resins. The nozzle plate 1 has a
plurality of nozzle holes 4, each consisting of an inverted funnel-Ilike
portion '4a on a rear surface 3 and a thinly opened orifice portion 4b on a
front surface 2. Firstly, a photosensjtive resin film®6, for exanple D alon
- FRA305- 38 (product nane) dry resist filmmade by Mtsubishi Layon, is

| am nated onto the front surface 2 of nozzle plate 1. Next, the

phot osenshiikye leesi n butadfene-lseatreche 0 a teppdiyatar p, abovpodyastylen
transition tenperature (above 721C) and pressure is applied so that a
portion otetéphthhina&egn pdileyamra lsurdrat ev@r eouer pholiesensdtiyer riesinef, t he
nozzle 4 in the formof a plug 6a of a length of nmore than Bum (Fig.l (a)).
Next, the reatheunbacée3pditehé heszhepphaid ity o femrzde tholds davicalatt
radi ati on, the photosensitive resin plug 6a within the inner portion of the
nozzl e hotensissingr dehedn dimventes ufenaeiloléker pivmtion Aassimgat meaugh
the inner portion of the nozzle hole arriving at the surface and bei ng

di ffract esprfieeeedt @ndhndl Ehisdul apenedefdrif boei ponrdiena dyomsat §rivantden
t he photosensitive resin film6 to forman extensive portion 6b of a
concentriee¥faceiZeul ar shape and of a size at least that of the nozzle
hol e diameter d, being no larger than 1.4 tines that of nozzle hole

di ameter d, ahEF$BdYng2aPhPEPERPREHTIVEnERELNpfédm 6, £or peamplet Diplen
Fig. I (b % ._The dianeter of the extensjve Egrtion 6b bei ng infl uenced
by t he qua‘H%:f I3 (REAGNAORANRG } i GBYr SEFLFE | ALd™ WMAdS Bt ¥rE§uPAShinner
portion of the nozzle 4, together with the -5 extent of the exposure;
Exper | mertaYSfor &£ FRILABIEATHE F18 FRRINY SHELAGE of &te NOFRIE PL3ES Ave
plate 1, with a plate ﬁh%ckness T of 80um_ a nhozzle diameter d of 40um_ and
a funnel N§ed M2 zI BMBEPEFBAL LR h T8 Sk &hgt of535hﬁ1v5?9Fﬁg t h8 affount

aving 5 VRTINS of B968 Rhf oS berBa o The RS AL S LEPRES Lareaga’s
ving _ FeappFred o Phe 771 i

por i on oY FESestin e 08 RERLA o (BN & ndh PN BE EREGERRm, Rogh"ERe

xposur 6 1St Bt 55 et et (Fo£ERn OF EnplfiodRUTh Bh ghe

resin 11 169h Wi Gh 1T 64l Sbe,l DORECROBE 4B, il NER! Fr g 1 Mea h ameter

D of the extensive portion 6 or ne irectly above the

smal | ter ]Ehannbls&,n%zé erélh AL efadeaBdokUhRe By £l ipLd6€ £a5E uRBE8elNE
anount o

to ultraviolet radiation, the photosensitive resin plug 6a
within the inner portion of the nozzle hole 4 is hardened, with
the ultravioclet radiation passing through the inner portion of
the nozzle hole ¢, arriving at the surface and being
diffracted, deflected and irregularly reflected in such a way
as to harden the photosensitive resin film 6 to form an
extensive portion 6b of a concentrically circular shape and of
a size at least that of the nozzle hole diameter d, being no
larger than 1.4 times that of nozzle hole diameter d, and
having a preferred diameter b of1.2 times that of d (Fig.l (b)).

The diameter of the extensive portion 6b being influenced
by the quantity of the photosensitive resin film 6 which

entered the inner portion of the nozzle 4, together with the



exposure E was substantially larger with respect to the quantity t of resin
film6 which entered the inner portion of the nozzle 4, the dianeter D was
in excess of 1.4 tinmes dianeter d and, as described later, it became

i npossible to avoid the deflection in the direction of flight of the ink
drops. Consequently, the required anots+ of exposure E with respect to the
necessary quantity t of resin film®6 entering the inner portion of the
nozzle 4 was determned to be as follows: In the case where 18 <t _< 30,

h I ' [ : b h

euposare VAFRSEC R hh MRS okBebbnii R E cthicipd el
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. hardens under exposure to a ﬁlg t Source, 1s app |e% I'n |qu? formto

both th . f d
oth the fg FES(?P%aC{:e e,%é;%o-t ha%ihdla PR 1A S £ 3% nid §Eﬁi§.@3§ure

fromthe re osensitive resin on the rear ace 3

hardens idy, t hayd Ongz31e? ?&H?&"eanfeéfi Usudfhée) - 3Naadd [t r eMBNRIIRG of

unexposed photosensitive resin film®6 on the front surface of nozzle
plate 1 aybidfediOtDoeNseEiNCEIERI H MRIEKI Shtdrb8 EABDYAfew pOregbnesE and
acid cleaning is carried out ( Fig. 1 ( d) ) ; then the nozzle plate 1 is
i'mrer sed dHe aRoRkeet r ol yiriGq SoRutdied Ncwei Chediitkel opbeined Ad ttReed Of
a water-repellent macro-nolecular resin such as pol ytetrafl uoroethyl ene are
di sper se@xperinenits cal charges, and coating layer 8 is forned on the front
surface 2 of nozzle plate 1 whilst the solution is agitated (Fig.l (e)).

Pol yt etraf | uteet hgsebes EhHowpethatpr dal kitxybabae enterpolche rRioweneo £

pol yfl uorovi nyl and pol ydi perfluoroal kyl fumarate may be used individually
or in coebipwsumn &s vae subb$uamtibellipntsmal hgrnecith nolespdar f 6o t hbe
eutectoid plating process. There is no particular restriction on the matrix
for the goantigy & «rf gresinufibnl € whiah sotlersd Mhdnnepmertion| ¢ér,
zinc, tin may be selected. Preferred materials include nickel,

ni ckel - c5b& POZRLEy ¢ nFBReAipmEsEROP @f | Wye st ansik¥r- Borbioal $ByIgrmedgood

surface hardness. Moreover, materials with superiqQr abrasion-resistance
propert | 84F8&&HYY ghovgosthe nozzle 4 was smaller than the nozzle

diameter d and furthermore, in the case where the amount of
exposure E was substantially larger with respect to the
quantity t of resin film 6 which entered the inner portion of
the nozzle 4, the diameter D was in excess of 1.4 times
diameter d and, as described later, it became impossible to
avoid the deflection in the direction of flight of the ink
drops. Consequently, the required amount of exposure E with
respect to the necessary quantity t of resin film 6 entering
the inner portion of the nozzle 4 was determined to be as
follows:

In the case where 18 < t < J0, the exposure value E
is 300 mJ/cm2.

In the case where 30 < t < 15, the exposure value E
is 600 mJ/cm2.



In this way, the pol yfluoroethylene particles uniformly cover the entire
front surface 2, of nozzle plate 1, except for that portion surrounding
nozzle 4; where an area without water-repellence 5 of a concentrically
circular shape and with a width Wof <% nore than 0.2 d (defined by the
shape of extensive portion 6b fornmed on the front surface 2 of nozzle plate
1), is left . Further, using a suitable solvent, those portions of the
phot osensitive resin film®6, used as plugs, .and those portions of

phot osensi ti vVEursbes  mathei afeginugeldiqs 6a ,pr 6oemedveagenvdang, ®oe thig

di ssol ved and renoved. Avoiding the generation of warpage in the'nozzle
plate 1 hyropes§in§eandoad tighthd iwzzi shph atke anhgrd pogiticapafl amzzle
coating layer 6 is formed on the front surface 2 of nozzle plate 1 by
heating i4,tprevertpcthe extensive perubonedbhf rprerfa hbingeut off niegzle
mel ting point of the polytetrafluoroethylene (Fig.l (f)). Formng the
nozzl e plat@uring tthies aRALing sapen EATFLga2 Prgress andi dlsg PFevents
intrusion of material within the inner portion of nozzle 4, an

i nk- r epel tiedtintm s ion |of &theg was efrorede ldrenth aaarsmmalednbar resin into g
Thus, using a nozzle plate 1 constructed in_this way recording may be
carri ed dthe ahBNERk RATTPIEE sO08) Ber&d eatd hi ghns ek Hirin nbRe| PrR igcring v
correctly in relation to the recording medium Therefore, in the case where
a non- watBFEeRHEYE cRPTELPaL Forfiacth of iR MeetlexEsalrn§Tons, SRrfRse
nozzl e dirﬁirmte{é d, is fo&rred gn t he portion surrounding the nozzle 4, .
excess irfk Yor&Ft REr % eFURRBAILEMIRG MAEthawBileal GHREY nRERTIAF| & Sof
nozzle 4 or_spreads_equally around the entire circunference of the

don- wat erc-ar"é’ffe?q?e%‘[’twrface 5 formng an area of uniform Wtting, these

k h i di ion of the flight of the.i
dropl et s FURHE ofe, PRAROTERATFKE GFHo MACTHagd | dnt ‘BHAT nBePasE o

adheres it e of .of affect fli.ght . of .t.he ink

dr opl et sp%%kd%[fﬁ%%%# ?tcéll @ ?%%”gyé%uﬁ%éegtge%épgﬁ%dt ﬁgsﬁ'tlﬁtélpngog?'oﬁloet S
, unaffe h LN eng , rectly it i j f e
axi s of %%?'3\ 2%4% ﬁ%?rslktébg %f’ %n%ozsz‘#efyapclc%{ eﬁlg \)13\,1 toﬁ at{rﬁ%jké fé%%? e‘ri:t ahﬂ
coating 8nlieiC! ugbagueNofkdmkehePeld ot SSlihaee § viddy VARYESGeLIEELE S )
being performed oh the front surface 2 of nozzle plate 1-° has been

instal | egdelsing 7 dhoRn@NrdareBdrfhvike 3i Ak rhehsPinnkfle SERMOYENE ReRbPife
transducer drive system and a test has been conducted, whereby 0.1 ug /dot
ink dropletig.warqegjected 100 tinmes at 30 second intervals froma nozzle 4
with a diameter of 40 gym wth the resultant nunber of occurences of

devi ati on i nNele ,f [dhghtreriaimkngr onbgpsska photewreitive fesiM film 6
~nCccur ences0. 0210. 501040871068 From t he above results, we discovered that,
in the casethhefronhesunkarepdl ténmoeoiei pYataytraBdwole epiieraisensighvet o
the edge of nozzle 4, a portion of .he coating |ayer 8 entered the inner
surface BeShbzma&esrigdd goﬁvﬁarmwaﬂf%t‘-éd spdoeny gind ofcidieclekningplist s.
Further, in the case where a non-water-repellent surface 5 wth a diameter
W of nor@2FR&RI20YFofl FiRal 6f)nczEhensthraneedledplads flolrebmBATrERE in
portion surégundi ng nqozzle 4, we found a deviation in the flight of ink

dr opl et s2BqBaPCEEOLHEL SWTPLY TH X Urie *hiFh HEL SsRE 1PRT e2 DAt RA LT LPEPF eRE

treat nent was not perforrIed on the front surface 2 of nozzle El a;le 1.
a water-repel ent macro-molecular resin uc as

polytetrafluorocethylene are dispersed by electrical charges,
and coating layer 8 is formed on the front surface 2 of nozzle
plate 1 whilst the solution is agitated (Fig.l (e)).
Polytetrafluorcethylene, polyperfluoroalkoxybutadiene,
polyvinylidene, polyfluorovinyl and polydiperfluoroalkyl

fumarate may be used individually or in combination as the



Figure 4 shows the second enbodi nent of the nethod of nozzle plate surface
treatnent which is the subject of this invention. In this nethod, firstly a
phot.osensitive resin film®6, which can be hardened by exposure to a |ight
source, is applied to the front surface 2 of nozzle plate 1 furthernore, a
phot osensitive resin material 7 which_can be hardened by exposure to a

| i ght source is applied to the rear surface 3 (Fig. 4 (a)). -10 Next, the
entire area of the rear surface 3 of nozzle plate 1 is exposed to

ul tra- vi §lleo niadi-ndrg ining ebgcrarmedesy kenef photBee@itqskokdsphathngri al
7 on the rear surface 3 and within the nozzle 4 form ng plug 6a.

Furt her nprocesise ulhezxeyiis @O PaditddwWR WEHpbesE3Nt ARoLRR MATTHBZEPE 4
hardens the portion of the photosensitive resin film6 direct|ly above the
nozzl e 4the geadimehtlayemnttl eastuinebipametaed SuGhEhdkteel; aPEPRAB!
exceeding 1.4 tines the dianeter d, thus form ng extensive portion 6b (Fig.
4 (b)). RékveryhaingfexFéfedayobei §8lectssbt & G5S% PaSPRLALF niRciRdehe
nozzle plate front surface 2 is dissolved and renoved with a sol vent éFig.
~ (c)), nirkRlusi mickelexebastve PokATon 683 KL lrBRRFRNIE, AddMAhg #RE
shape, an _ink-repellent coating is forned on the front surface 2 of nozzle
pl ate 1 PEFfelabegpp Laddey wh&Ehhageesed B&ndardresesi NRRRYSEr 7
on the rear surface 3 of nozzle plate 1 which protects front surface édis
renoved B LBFLESEy MAFIWSMPEF QA A2 SN ARS 1 ﬁépﬁﬁﬂpﬁﬂﬁﬁﬁ§kﬁﬁa§@?“ i's

t hus forged gn t he whole of the front surface 2 of nozzle plate 1 wth the
except i oA€of *PA&"edge of nozzle 4 (Fig. 4 (e)). In the second enmbodi nent in

%u“iaf o on' 1 b g ) B0 b BT ARG AEnd nb P RaeRy ATt} f'?wli’gi?ayer
mator | al SGobFacls SuAFR AR FUEEED 2 EE IR TP FRS¥T) TR R  on

gls afisﬁﬂﬁﬁggew@f“ a MRS GASRES ! G2 £P21 149 LhePVhdeds PRat NG f10SEEE
water-repellence 5, of a concentrically circular shape and
with a width W of no more than 0.2 d (defined by the shape of
extensive portion 6b formed on the front surface 2 of nozzle
plate 1), is left.

Further, using a suitable solvent, those portions of the
photosensitive resin film 6, used as plugs, .and those portions
of photosensitive resin material 7, used as a protective
membrane, are dissolved and removed.. Avoiding the
generation of warpage in the nozzle plate 1 by applying a load
to the nozzle plate, a hard ink-repellent coating layer 8 is
formed on the front surface 2 of nozzle plate 1 by heating it
to a temperature (350 °C or above) higher than that of the
melting point of the polytetrafluorocethylene (Fig.l (f)).

Forming the nozzle plate l in this way, as shown in Fig.2,
whilst avoiding any intrusion of material within the inner

portion of nozzle 4, an ink-repellent coating layeéer B is formed

on the front surface 2 only.



. -11 surrounding the nozzle in such a Wy as to | eave a portion not
exceedi ng 20% of the dianeter of the nozzle uncoated,thereby disruption of
the flight of ink droplets due to wetting does not occur because wetting by
ink around the nozzle is mnimzed; and disruption of the flight of ink
droplets due to the contact of ink droglets with a water-repellent coating
within the inner portion of the nozzle can be reliably suppressed. Further,
as a nozzle glate surface treatnent the front surface of a. nozzle plate was

coated with &"ot oS8h8Fti%ePEELT WAtRRCerk eFBRSAEYCEES bRe Yhdst wiy t he
har denod B CERISS MG PR T RETHonPhcanEan UL 41° 1 RS THe0 1% phide. and
nozsl e bPRE OREAIALE o 2k | B48; THEACTRLY ha os3 &5 tPHmifer hbei ng
Feached FRESFRSAE sulFEIT ¢ HOSTIEARE ( het har deRgd pSfEbon HTEat 1,7

b h I ' f forn h h f .
vat s : eﬁaﬂ‘ﬁéﬁggﬁfiﬁés}%@a‘?i WEREEne ¢ ?f%ﬁb“guﬁv@&f 3% rechaing #% e
totally 3?el€€ét TR 2tRe S PRS0 1t hsfeﬁ%ée@‘%er SHL G0, P R
tall ! GZHE et St e |
G opl ot SEAPrRRRALR: 8. SRR Sinarth woedeaary hestinila S g iy Enddlfer

cont 10l . FURLNEROD fineebaFhL NG Ofod De N SN OhGL 0SEUS1 11 VE- SR e

portion abov € nozz on the front surface S avol hat portion

thereby agtipg asiAciReBEehee OEM fige t N phaDEe Pl rapRigher eReEESRE |Ryer
on the -1'z nozzl e plate surface and enabling the easy and accurat

formati opoghihfcamad féar&Pald £ rrh ay@:.rtin%l&ﬂéé I\E:“aﬂenA? 1 Zhér fAdihg

conprising at [east one nozzle hole for t e ej ection of droplets, and a

wat er - r epgel Ipidveront dig fupdish obfa sHef aEpi it sl BBezl enpl Awplets.
surroundi ng the at |east one nozzle hole, in such a way as to | eave

uncoat ecF@rplostmopeof iaki derdtliidldd eclselr { ARerapendend rRPasding dlapernst
one nozzle hole, said portion not exceeding 20 % of the dianeter of said at
| east orge adivrtes hod ean Zarde nattdwsl i dasnimor afftdet - tlepef 1 aglit cofatihe

| ayer on a nozzle plate surface, the nethod conprising: lamnating a front
surf ace gtk sdrophersl ehplldt & nnisiphex igteok ocbermi by veurdsice rensdiom; whiush may
be hardened by exposure to a light source, at |east one portion of said
phot oserfdie ik dasind afs eund £ g teed Ry thesaqdat Iupncen, FlrsoFmastde;

in the direction of the axis of nozzle 4.

This type of nozzle plate l- with an ink-repellent coating
8 (including a non-ink-repellent surface 5 with varying
diameters) being performed on the front surface 2 of nozzle
plate 1- has been installed in a ‘drop-on-demand’ type ink jet
printer employing a piezo transducer drive system, and a test
has been conducted, whereby 0.1 pg /dot ink droplets were
ejected 100 times at 30 second intervals from a nozzle 4 with
a diameter of 40 um, with the resultant number of occurences of

deviation in the flight of ink droplets being recorded.



exposing a portion of said photosensitive resin material directly above
said nozzle froma rear surface of said nozzle plate to a |ight source
sufficient to harden a portion of said photosensitive resin naterial to a
size at |least that of said nozzle dianeter, being no larger than 1.4 tines
that of the dianeter of said nozzle, t?@reby har deni ng sai d photosensitive
resin material; and forming the water-tTepellent coating | ayer on the upper
surface of said nozzle plate using said hardened portion of said

phot osensitive resin mt gFrar—as o e ' e ghape of said

wat er-repel | ent coating o claim2, wherein a
phot osensitive resin natg dgoosure to a light
source, is provided int sin film said film
bei ng subjected to press .
portion of the nozzle. 14 4. A nmgt hod according to gl aim2, wherein a
phot osensitive resin matgrial, lwhicdh is hardéned by exfposure to a light
source, is used in the f¢rn1of4a phot osensityve resinffilmand a |iquid
phot osensitive resin matgrial, “said photosensitive regin filmbeing applied
to the front surface of gaid ngzzleg plate, whilst said liquid

phot osensitive resin matgrial is applied to qur f ace of said nozzle
plate with one portion e@;g;;ﬁﬂigh- inner partion of-the nozzle. 5. A
nozzl e plate surface treatnment nethod conprising: form ng a water-repell ant
coating |layer on the nozzle plate as clained in any of clains 2 to 4; and
renovi ng the hardened portion of said photosensitive resin material A
nozzl e pl at eFromprtihe mpene | sasvléfe ﬁﬁ&z?éS%%Y%rFér9hﬂ§%ﬂﬁﬁt?§ﬁ(ﬁa%%m

roplets, and a water-repellent coating formed accordin he ; of
gnypof cvhene gheoink §ﬁ%ellent coatié% layer §CG85 bR¥ehek %f@ﬁéugb

the edge of nozzle 4, a portion of <he coating layer 8 entered

the inner surface of nozzle ¢ and adversely affected the flight
of the ink droplets. Further, in the case where a
non-water-repellent surface 5, with a diameter W of more than
20% of that of nozzle 4 diameter d, was formed on the portion
surrounding nozzle 4, we found a deviation in the flight of ink
droplets equal to that which occurred in the case where
water-repellent treatment was not performed on the front

! surface 2 of nozzle plate 1.

Figure 4 shows the second embodiment of the method of

nozzle plate surface treatment which is the subject of this

invention.

In this method, firstly a photosensitive resin film 6,
which can be hardened by exposure to a light source, is applied
to the front surface 2 of nozzle plate 1 furthermore, a
photosensitive resin material 7 which can be hardened by

exposure to a light source is applied to the rear surface 3

(Fig. 4 (a)).



a surface of said nozzle plate surrounding the at | east one nozzle hole. 7.
A nozzle plate substantially as hereinbefore described, with reference to
any .one of Figures 1 to 4 of the acconpanying drawings. 8. A nozzle plate
surface treatnent nmethod substantlally as herei nbefore described, with
reference to any one of Figures 1 to 218f the acconpanying dramnngs
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Next, the unexposed portion of photosensitive resin film 6
on the nozzle plate front surface 2 is dissolved and removed
with a solvent (Fig. 4 (c)), :then using the extensive portion
6b as a means for forming the shape, an ink-repellent coating
is formed on the front surface 2 of nozzle plate 1 (Fig. ¢
(d))-
Lastly, the hardened photosensitive resin material 7 on the
rear surfacé 3 of nozzle plate 1 which protects front surface
2 is removed by dissolving with a solvent and ink-repellent
) coating layer 8 is thus formed on the whole of the front
surface 2 of nozzle plate 1 with the exception of the edge of
nozzle 4 (Fig. ¢ (e)).
In the second embodiment in this application, an
ink-repellent coating layer is formed by eutectoid plating on
the surface of nozzle plate. However, the formation of the
layer by application of a fluorine-containing macro-molecular
water-repellent material would be equally satisfactory.

According to the present invention as described above, a

water-repellent coating is provided on the nozzle plate surface
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surrounding the nozzle in such a way as to leave a portion not
exceeding 20% of the diameter of the nozzle uncoated, ‘thereby
disruption of the flight of ink droplets due to wetting does
not occur because wetting by ink around the nozzle is
minimized; and disruption of the flight of ink droplets due to
the contact of ink droplets with a water-repellent coating
within the inner portion of the nozzle can be reliably
suppressed. Further, as a nozzle plate surface treatment the
j front surface of a nozzle plate was coated with a
photosensitive resin which entered at least one part of the
inner surface of a nozzle, the resin inside the nozzle inner
surface being hardened by exposure directed from the rear
surface of the nozzle plate and at the same time a portion of
the photosensitive resin directly above the nozzle being
hardened to a size at least that of the nozzle diameter, being
no larger than 1.4 times that of the nozzle diameter by
exposure having reached the front surface of the nozzle, the
hardened portion directly above the nozzle acting as a means
for forming the shape of a water-repellent plating coating on
the front surface of the nozzle plate. Further, a hardened
resin plug inside the inner surface of the nozzle totally
preventing the lining of the nozzle inner surface by the
water-repellent coating, the cause of disruption of the flight
of ink droplets. In addition, the energy necessary for the
exposure was easy to control. Furthermore, detaching of the
hardened photosensitive resin portion above the nozzle on the
front surface was avoided, that portion thereby acting as a

means for forming the shape of a water-repellent layer on the
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plate surface and enabling the easy and accurat

repellent layer.

nozzle

formation of the water-
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least one nozzle hole, in such a way as to leave uncoated a portion of said nozzle plate
surface surrounding said at least one nozzle hole, said portion not exceeding 20% of the

diameter of said at least one nozzle hole.

2. A method of forming a water-repellant coating layer on a nozzle plate surface,
the method comprising:

laminating a front surface of said nozzle plate with a photosensitive resin material
which may be hardened by exposure to a light source, at least one portion of said
photosensitive resin material entering the inner portion of said nozzle;

exposing a portion of said photosensitive resin material directly above said nozzle
from a rear surface of said nozzle plate to a light source sufficient to harden a portion of
said photosensitive resin material to a size at least that of said nozzle diameter, being no

3 larger than 1.4 times that of the diameter of said nozzle, thereby hardening said

photosensitive resin material; and

forming the water-repellent coating layer on the upper surface of said nozzle plate
using said hardened portion of said photosensitive resin material as a means to form the

shape of said water-repellent coating layer.

3. A method according to claim 2, wherein a photosensitive resin material, which is
hardened by exposure to a light source, is provided in the form of a photosensitive resin
film, said film being subjected to pressure and one portion of said film entering the inner

portion of the nozzle.
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4. A method according to claim 2, wherein a photosensitive resin material, which is
hardened by exposure to a light source, is used in the form of a photosensitive resin film
and a liquid photosensitive resin material, said

photosensitive resin film being applied to the front surface of said nozzle plate, whilst
said liquid photosensitive resin material is applied to the rear surface of said nozzle plate

with one portion entering the inner portion of the nozzle.

S. A nozzle plate surface treatment method comprising:
forming a water-repellant coating layer on the nozzle plate as claimed in any of
claims 2 to 4; and

removing the hardened portion of said photosensitive resin material.

6. A nozzle plate comprising at least one nozzle hole for the ejection of ink droplets,
and a water-repellent coating formed according to the method of any of claims 2 to 4, on

a surface of said nozzle plate surrounding the at least one nozzle hole.

7. A nozzle plate substantially as hereinbefore described, with reference to any one

of Figures 1 to 4 of the accompanying drawings.

8. A nozzle plate surface treatment method substantially as hereinbefore described,

with reference to any one of Figures 1 to 4 of the accompanying drawings.



